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Only triploid and tetraploid apogamous cytotypes have previously been reported for the fern Dryopteris 
chinensis (Dryopteridaceae). In this paper we report the discovery of a diploid sexual cytotype of D. chi¬ 
nensis. The geographical distribution of the sexual and apogamous types of the species in Japan and ad¬ 
jacent region was determined by counting the number of spores per sporangium in a large number of 
herbarium specimens from MAK and TNS. Apogamous plants were found to be the predominant type in 
Japan; the sexual type was restricted to Miyazaki, Oita, and Kumamoto prefectures in Kyushu, and Ko¬ 
chi Prefecture in Shikoku, Japan. 
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The fern Dryopteris chinensis (Baker) Koidz. 
(Dryopteridaceae), considered to be apogamous, 
is widely distributed in China and Japan (Zhang 
2012, Iwatsuki et al. 1995). Only triploid apoga¬ 
mous types of D. chinensis have been reported 
from Japan, whereas tetraploid apogamous plants 
have been reported from China (Kurita 1961, Hi- 
rabayashi 1966, 1974, Mitui 1968, Kurata & Na- 
kaike 1985, Weng 1989, Nakato et al. 1995). Lee 
& Park (2013) recently reported apogamous D. 
chinensis from Korea, although its ploidy level 
was unknown. To the best of our knowledge, sex¬ 
ual plants of D. chinensis have never been report¬ 
ed. Previous cytological studies were based on 
plants collected from only a few localities or ar¬ 
eas throughout its range. 

In China, Dryopteris chinensis occurs in An¬ 
hui, Guangxi, Hebei, Henan, Hubei, Hunan, Ji¬ 
angsu, Jiangxi, Jilin, Liaoning, Shandong, and 


Zhejiang provinces (Zhang 2012). Weng (1989) 
reported triploid apogamous plants of D. chinensis 
from Lushan in Jiangxi Province, and Nakato et 
al. (1995) reported triploid and tetraploid apoga¬ 
mous D. chinensis from Jiangsu Province. In Ja¬ 
pan, triploid apogamous plants were reported 
from Saitama and Shizuoka prefectures, Honshu 
(Kurita 1961, Hirabayashi 1966, Mitui 1968, Hi- 
rabayashi 1974), but D. chinensis is also widely 
distributed in Honshu, Shikoku, and Kyushu. We 
therefore suspected that sexual cytotypes might 
occur. 

During this study we discovered diploid sexu¬ 
al plants of Dryopteris chinensis in Miyazaki 
Prefecture, Kyushu, Japan, and also updated the 
distribution of sexual and apogamous types of D. 
chinensis in Japan, mainly by counting the num¬ 
ber of spores per sporangium in herbarium speci¬ 
mens. 
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Materials and Methods 

Plant Materials 

One living stock and 19 leaf samples of 
Dryopteris chinensis were collected in eight lo¬ 
calities in Miyazaki Prefecture, Japan, on June 
18-20, 2013, and in one locality in Kumamoto 
Prefecture, Japan, on March 26, 2013. 

Cytological observation and determination of 
reproductive mode 

Root tips were pretreated with 0.004 M 8-hy- 
droxyquinoline for 6 h at approximately 17-20°C 
to observe mitotic chromosomes. After fixation 
in ethanol and acetic acid (3:1) for 15-30 min, the 
root tips were hydrolyzed in 1 N HC1 at 60°C for 
1-3 min and squashed in 2% aceto-orcein solu¬ 
tion. The chromosomes were then observed un¬ 
der a Nikon OPTIPHOT microscope and photo¬ 
graphed with a Panasonic LUMIX DMC-TZ5 
digital camera. 

To determine the reproductive mode of each 
sample, the spores in one sporangium were count¬ 
ed. If the number was 64, we determined the sam¬ 
ple to be sexually reproducing; if 32, then we de¬ 
termined the sample to be apogamous (Manton 
1950). 

Ploidy analyses 


Methods of ploidy analyses using flow cytom¬ 
etry followed Hori et al. (2014). To determine the 
ploidy level, the DNA content (2C value) of each 
nucleus extracted from fresh pinnae was mea¬ 
sured by flow cytometry using a Cyflow Ploidy 
Analyzer PA-II (Partec, Munster, Germany) and 
a Cystain UV Precise P kit (Partec). Approxi¬ 
mately 100 mm 2 of each pinna was torn into sev¬ 
eral pieces and finely chopped with a razor blade 
in 0.25 mL of nucleus extraction buffer from the 
kit. Then, 0.8 mL of staining solution from the kit 
was added to the chopped tissues. The crushed 
tissue and buffers were filtered through a 30-p.m 
nylon mesh (Partec). Fresh leaf tissues of Nicoti- 
ana tabacum L. (approximately 25 mm 2 ) and 
Dryopteris erythrosora (D. C. Eaton) Kuntze (ap¬ 
proximately 100 mnT) were used as internal stan¬ 
dards. The preliminary analysis revealed that the 
nuclear DNA content peaks of D. chinensis and 
N. tabacum overlapped on the ploidy analyzer. 
We therefore determined the genome size of D. 
erythrosora by using N. tabacum as an internal 
standard, then used D. erythrosora as the refer¬ 
ence to estimate the genome size of D. chinensis. 

Identification of reproductive mode of herbarium 
specimens 

Four hundred and seventy six specimens re¬ 
taining unburst sporangia from approximately 
2,000 sheets of Dryopteris chinensis in the her- 




Fig. 1. Photograph (left) and schematic drawing (right) of mitotic metaphase chromosomes of a diploid sexual individual of 
Dryopteris chinensis ( K. Hori Dpaci 856-2, MAK 412500). Scale bar, 5 pm. 
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Fig. 2. Spores in a sporangium of a diploid sexual individual 
of Dryopteris chinensis {K. Hori Dpaci 856-2, MAK 
412500). Scale bar, 1 mm. 


barium of the National Museum of Nature and 
Science (TNS) and the Makino Herbarium of To¬ 
kyo Metropolitan University (MAK) were select¬ 
ed to determine the reproductive mode. The num¬ 
ber of spores per sporangium was counted under 
a stereomicroscope. The type of reproduction, 
apogamous or sexual, was determined in the 


same way as for the living samples. 

Results 

Ploidy and reproductive mode 

Figure 1 shows a photograph and a diagram¬ 
matic drawing of mitotic metaphase chromo¬ 
somes in one individual of Dryopteris chinensis 
(K. Hori Dpaci 856-2, MAK 412500). Based on 
the chromosome number of 2 n = 82 and 64 spores 
per sporangium (Fig. 2), we determined this sam¬ 
ple to be diploid and sexual. 

The genome the diploid sexual individual of 
Dryopteris chinensis was 0.50 times the internal 
standard of D. erythrosora, while D. erythrosora 
was 2.26 times that of Nicotiana tabacum in our 
ploidy analyses. Considering that the genome 
size (2C value) of N. tabacum is approximately 
11.7 pg (Narayan 1987), the genome size of D. 
chinensis (K. Hori Dpaci 856-2, MAK 412500) is 
estimated to be approximately 13.2 pg. Among 19 
leaf samples collected in 2013, all except one had 
64 spores per sporangium, and were thus estimat¬ 
ed to be sexual reproducing. The genome size of 
15 sexual plants were determined to be 12.5-14.5 



Fig. 3. Distribution of apogamous and sexual types of Dryopteris chinensis based on spore counts of herbarium specimens. 
Black circle, sexual type; gray circle, apogamous type. 
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Fig. 4. Gross morphology of diploid sexual Dryopteris chinensis from Miyazaki Prefecture (A, MAK 412500), and apogamous D. chinensis from Fukuoka 
Prefecture (B, MAK 267119). Scale bar, 5 cm. 
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Fig. 5. Habitat of diploid sexual Dryopteris chinensis in Kitagawa-cho, Nobeoka-shi, Miyazaki Prefecture ( K. 
Hori Dpaci 856-2, MAK 412500). A, Semi shade under trees beside a highway; B, Sexual D. chinensis on 
cracked rock. 
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pg (Appendix 1), which is exactly the same in the 
diploid Dpaci 856-2 (13.2 pg) [K. Hori Dpaci 816 
(MAK 410320) ~ Dpaci 860 (MAK 410359)]. We 
estimated one individual of Dryopteris chinensis 
[K. Hori Dpaci 813 (MAK 410317)] with 32 
spores per sporangium and a genome size of 19.5 
pg to be triploid and apogamous. 

Reproductive mode of herbarium specimens 

Spore number per sporangium was deter¬ 
mined for 476 sheets of selected specimens. 
Among them, 39 specimens had 64 spores per 
sporangium and 437 specimens had 32 spores per 
sporangium (Appendix 1). We were unable to 
count the spores of the remaining specimens. 

Based on the source of the specimens, the dis¬ 
tribution of the sexual and apogamous types of 
Dryopteris chinensis in Japan are shown in Fig. 3. 
We noticed no significant morphological differ¬ 
ences between the apogamous and sexual cyto- 
types (Fig. 4). 

Habitats of the sexual diploid Dryopteris 
chinensis 

The diploid sexual individuals of Dryopteris 
chinensis were from cracked rocks in semi shade 
under trees beside highways (Fig.5). The apoga¬ 
mous individuals were often in similar habitats, 
but mixed sexual and apogamous populations 
were not found. 

Discussion 

We report for the first time diploid sexual in¬ 
dividuals of Dryopteris chinensis from southern 
Miyazaki Prefecture, Japan. Based on the num¬ 
ber of spores per sporangium in herbarium speci¬ 
mens, we determined that sexual D. chinensis 
also occurs in western Kochi Prefecture, south¬ 
eastern Kumamoto Prefecture, southern Oita 
Prefecture, and northern Miyazaki Prefecture 
(Fig. 3). Sexual D. chinensis appears to be dis¬ 
tributed in a narrow area in southwestern Japan, 
while apogamous individuals are widely distrib¬ 
uted in Japan (Fig. 3). Within the distribution area 
of the sexual D. chinensis are also such rare ferns 
as Asplenium ensiforme Wall, ex Hook.et Grev. 


and Deparia minamitanii Serizawa (Iwatsuki et 
al. 1995). 

In angiosperms, asexually reproducing cyto- 
types usually have a wider and more northern 
distribution than their sexual relatives and has 
been referred to as “geographical parthenogene¬ 
sis” (Horandl 2006). This phenomenon has not 
been well documented in ferns, but the apoga¬ 
mous Asplenium unilaterale has been reported to 
occur in more northern areas (Murakami & Iwat¬ 
suki 1983). Dryopteris caudipinna (a diploid sex¬ 
ual species) occurs in more southern areas than 
D. erythrosora, a triploid apogamous species 
closely related to D. caudipinna (Yamamoto et al. 
2010). The results of our study suggest that geo¬ 
graphical parthenogenesis is common also in 
ferns. 

In the present study, diploid sexual Dryopter¬ 
is chinensis was observed to occur only near the 
southern limit of distribution of the apogamous 
type in Japan. D. chinensis is also in China, 
where the sexual type may be more widely dis¬ 
tributed. A wider survey, including plants from 
China, is recommended. 

We are grateful to the following persons for their assis¬ 
tance in collecting plant materials: Mr. Y. Inoue, Mr. T. 
Minamitani, Mr. K. Akagi and Mr. T. Oka of the Nippon 
Fernist Club. This study was partly supported by a Grant- 
in-Aid for JSPS Fellows No. 26-1720 to K. Hori and by a 
Grant-in-Aid for Scientific Research No. 25291089 to N. 
Murakami. 
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